skin infections increased with its advent, implying that CA-MRSA caused an epidemic of new disease, rather than merely substituting for methicillin-sensitive S. aureus in infections that would have occurred anyway [3] .
Multiple studies have found that patients with CA-MRSA abscesses do not benefit from antibiotics; the mainstay of treatment being incision and drainage [4] [5] [6] . For most cases of cellulitis, Infectious Diseases Society of America (IDSA) guidelines recommend antibiotics that target streptococci, not CA-MRSA [7] . They do recommend antibiotics that target CA-MRSA for purulent cellulitis, but this accounts for only 8% of purulent skin infections and a smaller proportion of all skin infections [2] . 1. Definition A (preferred definition): Recent onset of soft tissue erythema, considered by the treating clinician to be bacterial in origin, and associated with signs of infection that include at least 2 of the following: pain, swelling, warmth, fever, lymphangitis, induration, or ulceration. In the years preceding publication of the guidelines, antibiotics that target CA-MRSA were prescribed increasingly for skin infections [3, 8, 9] . This may reflect the fact that limited evidence was available-to both practicing clinicians and guideline authors-regarding cellulitis treatment. To date, no experimental trials have been published, and microbiological data relating to cellulitis are usually not obtainable [10] . We conducted a pragmatic comparative effectiveness study, hypothesizing that cephalexin plus trimethoprim-sulfamethoxazole would be more effective than cephalexin alone in the treatment of cellulitis [11] .
METHODS

Trial Design
We conducted a double-blind, randomized, placebo-controlled trial from June 2007 through December 2011, with 1:1 parallel group allocation. Potential participants were patients registered for care in 1 of 3 emergency departments located in an area endemic for CA-MRSA [12] . Cellulitis was diagnosed during routine clinical care by attending physicians, board-certified or board-eligible in emergency medicine or pediatric emergency medicine, using explicit criteria (Table 1) . Physician coinvestigators enrolled the participants, with trained research coordinators.
Participants
The inclusion and exclusion criteria (Table 1 ) defined a group of generally-healthy patients with uncomplicated cellulitis and no abscess. Pustules <3 mm in maximal diameter were not considered abscesses. Patients with purulent cellulitis or wound infection could be enrolled if <1 cc of pus was observed or reported by the patient. We collected data on enrolled and nonenrolled patients as specified by CONSORT (Figure 1 ) [13] .
Interventions
We compared cephalexin plus trimethoprim-sulfamethoxazole to cephalexin plus placebo. For adults, guidelines recommend trimethoprim-sulfamethoxazole doses of 160/800 to 320/1600 mg twice daily; cephalexin is commonly prescribed at 500 mg 4 times daily, though twice-daily dosing has been found effective [7, 14] . We used higher, weight-based doses and matched cephalexin and study drug scheduling (Table 1) .
Participants were instructed to stop taking the antibiotics 3 days after they believed the infection to be cured, for a minimum of 7 days and a maximum of 14 [15] . We monitored medication adherence via a log filled out by the participants.
Outcomes
The primary outcome was the risk difference for cure in the intent-to-treat group, defined as resolution of symptoms other 17 (12) 10 (14) 7 (9.7)
Participated in any of the following sports in the past year: football, hockey, wrestling, rugby, boxing, martial arts, dance (%)
43 (30) 19 (26) 24 (33) Homeless in the past year (%)
Ever diagnosed with human immunodeficiency virus (%)
Physical contact in past year with someone who uses IV drugs (%) 14 (9.6) 5 (6.9) 9 (12) Ever been in jail (%) 24 (16) 12 (16) 12 (16) Physical contact in past year with person who has ever been in jail (%)
30 (21) 13 (18) 17 (23) Stayed overnight in the hospital in the past year (%) 28 (19) 17 (23) 11 ( Adult patient with child in daycare or patient is a child in daycare (%)
16 (11) 8 (11) 8 (11) Homosexual relations in past year (%)
History of splenectomy (%)
Nasal MRSA colonization (data not available at enrollment) (%) than slight residual erythema or edema. This was determined by in-person examination at 12 ± 2 days by any available emergency department physician. We also contacted participants and reviewed medical records at 1 month to be sure that no delayed outcomes were missed. The final determination of cure or failure was made at 1 month and included all available data. Failure was defined as subsequent hospitalization for the same infection, change in antibiotics for any reason, surgical or needle drainage of an abscess, or recurrence of infection within 30 days. For participants who did not attend the inperson determination of cure visit, we used telephone followup at 2 weeks and 1 month and medical record review to determine outcome. The secondary outcome was the association of nasal MRSA colonization at enrollment with treatment response (CHROMagar, Becton Dickinson, Sparks, MD). We examined a number of other possible predictors of response to trimethoprim-sulfamethoxazole (Table 2) . These are patient characteristics identified previously as risk factors for CA-MRSA and characteristics of the infection at presentation. These included whether the presence of purulence at enrollment or receipt of initial intravenous therapy could predict treatment response [2] . At the discretion of the treating (nonresearch) physician, some participants received ≤24 hours of intravenous cefazolin or nafcillin. Simultaneously, they received the oral study drug. They commenced oral cephalexin upon stopping intravenous therapy.
We assessed the effect of nonadherence via logistic regression, using treatment assignment and number of nonadherent days to predict outcome. Cellulitis is a clinical diagnosis without proof of a bacterial infection in most cases [10] . Therefore, it was inevitable that some participants would ultimately be found not to have had infectious cellulitis. We determined the final diagnosis using all available information, including subsequent radiographic results, surgical results, and clinical course, and examined this in "per-protocol" analysis.
Sample Size
Prior studies of beta lactams for treatment of cellulitis have found failure rates of 13%-18.7% [16, 17] . Our sample size calculations indicated a requirement of 144 participants to achieve 80% power to detect a response rate difference of at least 13%, with 85% responding in the control group and 98% in the intervention group, with 2-sided alpha 0.05 [16, 17] . No data were analyzed until study completion. The trial was stopped because the sample size was achieved.
Randomization
The research pharmacy generated a randomization sequence with blocks of 4. Medications were put into blinded containers at the time of each enrollment. Pharmacists had no knowledge of clinical characteristics. Clinicians, coordinators, and participants had no access to the randomization sequence and no way to know the contents of each container.
Blinding
We administered cephalexin as 500-mg capsules and study drug as capsules of trimethoprim-sulfamethoxazole 80/400 mg versus placebo encased in larger opaque gelatin capsules. For children unable to swallow capsules, we administered suspensions of cephalexin 50 mg/cc and trimethoprim-sulfamethoxazole 8 mg/cc trimethoprim + 40 mg/cc of sulfamethoxazole. The placebo contained cherry simple syrup, ora-sweet, ora-plus suspension agent, and cellulose powder. 
Statistical Methods
We assessed outcomes according to intent to treat, with the primary outcome being the bivariate risk difference for cure with its 95% confidence interval (CI) and χ 2 testing.
To seek evidence of confounding despite randomization, we performed a secondary analysis, using stepwise logistic regression with liberal "entry" and "stay" criteria of 0.20 and using all predictors shown in Table 2 as candidates. We also sought to identify whether subgroups responded to the intervention differently, that is, whether there was effect modification. For each characteristic, we constructed a logistic regression model with cure as the dependent variable. The independent variables were intervention, characteristic, and the interaction of the two. We deemed interaction P values of .05 to be significant-an inclusive criterion, since we tested many possible interactions.
We used SAS 9.2 for all analyses (SAS Institute, Carey, NC). The institutional review boards from the participating hospitals approved the study, and each patient (or parent) provided written informed consent. This trial was registered with Clinicaltrials.gov, record number NCT00676130.
RESULTS
We randomized 153 participants. Four were randomized in error and did not receive the study drug, 1 received 2 doses before it was discovered that he was ineligible, 1 was lost to follow-up, and 1 withdrew voluntarily in the first few days after enrollment, leaving 146 for intent-to-treat analysis. Of these, 15 (11%) did not return for in-person assessment (12 ± 2 days) but were reached by telephone. Four (2.7%) had outcomes determined only by medical record review (Table 2) .
Clinical cure was achieved in 62 of 73 (85%) intervention participants versus 60 of 73 (82%) control participants (Table 3) , for a nonsignificant risk difference of 2.7% (95% CI, −9.3% to 15%; P = .66). Progression to abscess occurred in 5 participants (6.8%) in each group (risk difference 0%; 95% CI, −8.2% to 8.2%; P = 1.0).
Of 146 participants, 24 (16%) failed treatment. Each subject could fail treatment for more than 1 reason, and thus reason for failure categories overlap. Reasons for failure included the following: 21 were prescribed additional antibiotics due to clinicians' perception of treatment failure, 6 required incision and drainage, and 3 failed due to drug intolerance (2 controls with allergy, 1 intervention patient with diarrhea). Exclusion of the latter 3 did not change the results (risk difference 1.6%; 95 % CI, −10% to 13%; P = .79).
We found no evidence of negative confounding, as the main effect remained null despite our liberal search for confounders (see the Methods section). We also found no evidence of effect modification, as none of the covariates could identify a differential response to the intervention for a subgroup of participants. Nasal colonization data were available for 142 of 146 (97%). Of these, 7 (4.9%) were colonized with MRSA, and this was not associated with response to therapy (interaction P = .67). Purulence was present at enrollment in 19 (13%) and did not predict response. The intervention:placebo cure rates were 75%:91% with purulence and 86%:81% without (interaction P = .26). Up to 24 hours of initial intravenous therapy with cefazolin or nafcillin was administered to 40 participants (27%; Table 2 ); they took oral study drug while receiving the intravenous beta lactam. The intervention:placebo cure rates were 72%:82% with intravenous therapy and 89%:82% without (interaction P = .24). Adherence to prescribed antibiotics did not affect the outcome (see the Methods section; adjusted risk difference 1.8%; 95% CI, −14% to 11%; P = .78).
Of the 146 intent-to-treat participants, 4 (2.7%) were ultimately found not to have had cellulitis (2 intervention, 2 control). These were included in the intent-to-treat analysis because, in clinical practice, it is difficult to differentiate bacterial cellulitis from other causes of inflammation. Results were unchanged upon per-protocol analysis of the remaining 142, with a nonsignificant risk difference of 4.2% (95% CI, −7.4% to 16%; P = .45).
Among the 146 intent-to-treat participants, 75 (51%) had adverse events (Table 3 ). This was similar in intervention (49%) versus control (53%) groups (risk difference −4.1%; 95% CI, −20% to 12%; P = .62). There was 1 serious adverse eventa case of Clostridium difficile colitis in the placebo group.
DISCUSSION
We observed no benefit from the addition of trimethoprimsulfamethoxazole to cephalexin in the outpatient treatment of cellulitis. This supports the guidelines of the IDSA, which recommend against targeting CA-MRSA for nonpurulent cellulitis [7] .
Practice in recent years has not corresponded to these guidelines [3, 8, 9] . One study found that 38% of antibiotic regimens for skin infections treated in US emergency departments in 2005 included agents typically active against CA-MRSA [3] . By 2010, according to data from the National Hospital Ambulatory Medical Care Survey, 74% of all antibiotic regimens prescribed at emergency department visits for skin infections included an agent typically active against CA-MRSA (our own unpublished analysis). This nonconcordance of clinical practice and the IDSA guidelines is probably due to the time period when the guidelines were introduced and also the limited evidence base available to inform practice and guideline development regarding cellulitis.
Non-Purulent Cellulitis
The guidelines suggest that cellulitis is usually streptococcal, not staphylococcal. However, this cannot be supported by microbiological arguments, because microbiological data are not obtainable for most cases of cellulitis, with blood cultures positive in only 4%, needle aspiration in 29%, and punch biopsy in 18% [10, 18] . This means that >70% of cellulitis cases are not amenable to microbiological diagnosis. Moreover, among cellulitis cases with cultivable bacteria, S. aureus is a common finding [10] . Experimental evidence has also not been available because no trials have been reported, only observational studies [19] [20] [21] [22] [23] . These studies have been inconsistent, with 1 retrospective observational study suggesting benefit from antibiotics with activity against CA-MRSA [24] . That study made the nuanced observation that "receipt of an inactive agent . . . before zero time was not associated with later treatment failure." [24] Such subtle caveats emphasize the importance of prospective experimental evidence to justify treatment recommendations.
One line of indirect evidence that supports the guidelines is that epidemiological studies have found that CA-MRSA might be associated with abscesses but not cellulitis [19, 25] . Why CA-MRSA might be associated with abscesses but not cellulitis remains a subject of speculation. CA-MRSA produces exotoxins, including Panton-Valentine leukocidin, that have been found to be modulators of neutrophil chemotaxis, apoptosis, and other properties that might result in purulence and necrosis [26] [27] [28] . The observation that abscesses, not cellulitis, increased during the spread of CA-MRSA implies that cellulitis and CA-MRSA are not linked [19] . Once again, this provides indirect evidence to support the guideline's recommendation against CA-MRSA coverage for most cases of cellulitis.
Cellulitis is poorly understood, despite being so common. It remains a condition that is diagnosed purely on clinical grounds, with help from no objective diagnostic test. When discussed in the medical literature, it is described phenomenologically, with reference not to pathology but rather to predisposing conditions and clinical characteristics [10] . Even a major pathology textbook provides no description of the pathology of this common condition [29] . As discussed above, attempts to prove a bacterial etiology usually fail [10, 18] . Thus, when an epidemic of skin infections followed the emergence of CA-MRSA, clinical equipoise resulted, with nationwide practice variation and surging use of agents active against CA-MRSA among patients with skin infections [3, 8, 9] .
Purulent Cellulitis
For the uncommon case of purulent cellulitis, the guidelines recommend "empirical therapy for CA-MRSA . . . pending culture results." [7] This recommendation cites a single observational study, which found CA-MRSA to be present in purulent cellulitis. However, that study also found no association of antibiotic susceptibility and outcome [2] . In our study, the presence of purulence at enrollment was not associated with response to trimethoprim-sulfamethoxazole.
Abscess
Considering abscess, the guidelines recommend antibiotics only "for abscesses associated with . . . severe or extensive disease . . . rapid progression in presence of associated cellulitis, signs and symptoms of systemic illness, associated comorbidities or immunosuppression, extremes of age, abscess in an area difficult to drain . . . associated septic phlebitis, and lack of response to incision and drainage alone." The recommendation that antibiotics be used in such settings was based solely on expert opinion [7] .
The present study is typical of pragmatic trials [11] . One feature of comparative effectiveness research is that its pragmatic approach can produce results that contradict what would be logically predictable from biological knowledge. We are in the midst of an epidemic of skin infections caused by CA-MRSA, but antibiotics targeting this organism have not been found helpful in pragmatic studies.
Limitations
The chief limitation of our study is intrinsic to most cases of cellulitis: there is no objective way to make an etiologic diagnosis. Our study was also limited to outpatients, including, for example, no patients with cellulitis complicating lymphedema, for whom blood cultures and intravenous antibiotics are recommended [10] . Our study provides no direct information about the management of such complicated skin infections in hospitalized patients, though it does provide support for the general concept that CA-MRSA is not important in cellulitis. Treatment of patients with life-threatening infections such as necrotizing fasciitis is not informed by this study. In this context, it bears mentioning that we avoided the common term "skin and soft-tissue infections," in favor of simply, "skin infections." "Soft tissue infections," which are not "skin infections," include such syndromes as pyomyositis and fasciitis and are rare. This study does not inform the treatment of such conditions. We excluded diabetics. We are aware of no evidence that diabetics are at higher risk for CA-MRSA-associated skin infections, and thus our results may be generalizable to them. Most episodes of cellulitis in diabetics are treated as in nondiabetics [7] . While diabetic foot infections do require broader coverage, whether they require coverage for CA-MRSA remains unknown [10] . We assessed MRSA colonization nasally. Only 67% of MRSA-colonized skin infection patients have positive nasal swabs, with other common sites of colonization being the axillae, groin, and perineum [30] . Had we also swabbed the axillae and groin, we might have observed an interaction of colonization and treatment response. While CA-MRSA is almost universally susceptible to trimethoprim-sulfamethoxazole in vitro, it is possible that other agents, such as clindamycin and tetracyclines, might be more effective in vivo. Using diaries, participants indicated whether they took all of their medications each day until self-reported cure, and this is analyzed above. However, we did not record the total duration of therapy (ie, we cannot distinguish stopped therapy from a day of partial adherence). This reflects the study's nature as an effectiveness study, rather than an efficacy study, in that the practicing clinician controls only the prescription, not subsequent adherence. We did not record lesion area, which would have required photography and parsing of each lesion into measurable geometric shapes.
Though it achieved its target, our study was modest in size. This was not an equivalence study, and when we designed the trial, we expected to find a benefit from the intervention. The value of the result is that it is the first evidentiary support for the relevant national guidelines [7] . We know of only 2 other relevant trials: NCT00729937 and NCT00730028. If the IDSA guidelines are correct, those trials and meta-analyses combining their results with ours will narrow the confidence interval. However, those studies have posted no results on ClinicalTrials. gov (as of 30 November 2012), and thus we do not know when they will contribute relevant data from cellulitis patients or how large their samples of cellulitis patients will be.
As clinical trial evidence accumulates, antibiotic prescribing for skin infection patients might even be a reasonable target for antibiotic stewardship interventions, especially given how common skin infections are. Regarding abscesses, the evidence may already be sufficient to consider use of antibiotics for uncomplicated abscesses as a good target for antibiotic stewardship efforts. Regarding cellulitis, we feel that the present trial alone is not sufficient to motivate a stewardship campaign for cellulitis. If the results of the other studies mentioned above echo our own findings, reduction in the use of antibiotics that target CA-MRSA for uncomplicated cellulitis may become a reasonable target.
CONCLUSIONS
In the first study to provide experimental support for IDSA recommendations against antibiotics targeting CA-MRSA for most cases of cellulitis, we found that adding trimethoprim-sulfamethoxazole to cephalexin conferred no benefit relative to therapy with cephalexin alone in the outpatient treatment of cellulitis. Concerns about polypharmacy and antibiotic stewardship may lead us to rely on beta lactams when treating uncomplicated cellulitis.
Notes
